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CHAPTER 7

1. High-strength and Reat-resistant Structural Alloy with Lithium3 VAD23 1

Alloying aluminum alloys with lithium results in a considerable decrease

Sin specific weight and an Increase in the modulus of elasticity; these

characteristics often ate of decisive Importance when designing aircraft

equipmnt. The introduction of lithium along with cadmium in alloy system

Al--Cu--Mn causes a significant Improvement in strength characteristics. The

study of such compositions resulted in the creation of VAD23 alloy. The high

strength of thip alloy at room temperature is combined with high heat resistance

1 13 at temperatures up to 225' C. Its specific weight Is lower by 3-52 and its

modulus of elasticity higher by 5-8Z than alloy, of the D16 and V95 type.

1Authors: I.N. fridlyan4er, Z.H. Archakova, VS. Sandler
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VAD23 alloy belongs to the Al--Cu--Li system. The Al--LI binary system

has been studied comparatively recently [1; 2, p. 51. p. 231; 3; 4].

In equilibrium with aluminum solid solution in ternary system Al-Cu--Li,

according to data (5, p. 423, 6], one finds the following six intermetailic

compounds:

1) e-CuAl 2 -- tetragonal structure (a - 6.06; c - 4.89 A);

2) TB--LiCu4Al7. 5 (54.9% Cu and 1.5% Lil), cubic structure of CaF2 type

(a - 5.825r--5.8328 1);

3)Tl--Li3CuAl6 (53.8% Cu and 5.42 Li), hexagonal structure (a * 4.96;

c - 9.35 X);

4) T2-- Li 3 CuA1 6 (26.92 Cu and 8.8% Li);

5) 8-AlLi, cubic structure (a a 6.37 J)6

6) R--LiaCuWA 5 , cubic structure (a - 13.P2 A (7]).

In a USA patent 2 and work (5, p. 4291 a significant increase in the effect

of aging of ternary alloys which contain about 4.5Z Cu and 1% Li from the

introduction of I% AS; 0.12 Cd and 0.05% In is described.

Research on surplus phases showed that cadmium in VAD23 alloy, apparently,

does not form intermetallic compounds (8, 9]. Being predominantly in a solid

state at hardening temperature, this element with subsequent artificial aging

facilitates intense work hardening C9--111. According to data of mettalo-

graphic analysis, manganese in Al--Cu--Li--Cd system alloy does not form

compounds either with lithium (12], or with cadmium (13], but compounds are

observed with aluminum, copper and sometimes with iron and silicon.

1The content of elements is presented In 2 (of mass).

2LI Baron, USA, patent No. 2381219, 1945.
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An analysis of mechanical properties of ternary alloysI of the Al--Cu--Li

system with 0.5% Li, after hardening2 and aging shoved thP, the increase In

content of copper from 3 to 62 increases the tensile strength to approximately

the same value as in binary alloys without lithium (o' 17 kgf/mm2 ) [143. With

higher contents of lithium (1--4%) the difference in tens:lla strength in

"alloys with 3 and 6Z Cu decreases from 5 to 0 kgf/= 2 .

An increase in content of lithium from 0.5 ti 2.02 in an alloy with 3.02

Cu results in work hardening at 20 kgf/l 2 , and in an alloy with 62 Cu--only

at 7 kgf/u 2 . Relative elongation with an increase in concentration of lithium

to 1.22 is decreased by 2--3 times.

The ternary alloys studied with 0.52 Li are located at 3500 C in a two-

phase field (Al + T ) of the compound diagram (Figure 93). According to Silcock's

data (9], after aging at 165' C for 16 hr one observes in these alloys a

single work hardening phase 8' (Figure 94) in quantities which are approxi-

iately the same as those for alloys without lithim (apparently, this explains

their uniformstrength). Alloys with 12 lithium are located in the field

(Al + T + T1 ) and after the aging mentioned above these alloys, except 9',

segregatephass T1 whose formation mainly can explain the changes observed

in strength and ductility. Alloys with 2--2.52 Li are found in fields (Al + T1 )

or (Al + T, + T2 ) and are characterized by maximum strength. The decrease ia

strength of alloys with three or more percent lithium, apparently, is caused

by conversion in the field (Al + T2 + 8).

IThe study of properties of ternary and more complex alloys won done on

pressed springs with diameter 10--18 m of laboratory manufaicure.

2 All of the alloys studied were quenched in water at 523-530* C.
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Figure 93. Distribution of Phase Fields In the
Al--Cu--Li System at 500 and 350* C [5, p. 423]

Key: a. Cu, 2 (of mass) b. Li X (of mess)

'ik .0
~I II / 8 / /

0. !i /. /4 2.0, / 3.

Figure 94. Fg.greation Which is Formed in the
Alloys of thu System After Aging at 165°, 16 hr

[9]

Key: a. (of mass)
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Quaternary alloys alloyed with 0.7% Mn, 1.4% Li (first group) and 7% Mn,

0.12 Cd (second group) were studied iu freshly quenched, naturally aged (7

days) and artificially aged (at 190" C, 16 hr) states.

The strength of alloys of the first group increases with an increase in

the content of copper as a result of improvLng the hardening effect. The

maximum tensile strength (of an alloy with 62 Cu) amounts to 53.5 kgf/uM2

with relative elongation 5.0%.

Alloys of the second group are located in the Al + 6 phase field (see

Figure 93). The effect of hardening of these alloys also increases with an

increase in the content of copper fwom 2 to 62 (from 3.5 to 12 kgf/=m2 ),

and ductility at the same time decreases by 8-10%. Work hardening after

natural aging is weak (0.8--l.5 kgf/lu 2 ), and the size of relative elongation

remains large (25--33%).

The effect of artificial aging Increases up to 17 kgý/=2 with an increase

in the content of copper to 6X. Relative elongation at the same time is

decreased by approximately 2.5 times (d - 10%). The principle of change of

mechanical properties due to the content of copper in alloys of the Al--Cu--

Mn--Cd system is similar to the relationship in binary Al-Cu alloys (15].

With a content of 4--6X Cu, the introduction of 0.1% Cd less effectively

increases the strength of alloys of Al--Cu--Mn system than does the addition

of 1.41 Li. The strength of alloys with cadmium is 6--8 kgf/= 2 lower than

alloys of the Al--Cu--Li--Na system with the same content of copper. However,

ductility of alloys with cadmium is higher: if there is insignificant dif-

ference with 4--52 Cu, then with 6% Cu the ductility of alloys with 0.12

cadmium is approximately two time as high as alloys with 1.4% Li (5 and 10%,

respectively).
At
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The combined effect of the addition of lithium (0.7-2.82) and cadmium

(0.1Z) on the effect of thermal treatment was studied for alloys of the

Al--Cu--a system which contain 0.62 Mn and 2--6% Cu (Figures 95--96).

(i / -- a
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on Mechanical Peoperties of Alloys of the
Al- Cu-2Mn--Cd System:

I as--2% Cu; b--4X Cu; €--6% Cu; 1--Annealed

" ~~state; 2--gardened; 3--Naturally aged; 4--
ley; A. -r-/--artificially *Sod
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I figure 96. Effects of Thermal Treatnent Av• of Alloys

of the Al--Cu--LI--N--Cd Systd

a--E~ffct of hardening; b--Effect of natural aging;-- Effct of artificial ai/ng

Key: 1. kdf/=2

The affect of hardenins of alloys located In a solid sttet field increases

according to the tnereass in toncentration of solid solution bote for lithium

and for copper (tijure 96. a). Heterogeneous alloys with 62 Cu and 0.7--1.4X
Li ohoy the maxim- effect of har dening (14-17 kff/na)t r ith an Increase

in content of copper from a to 4 n the hardened alloys with lithium located In

a solid state ffet d Increase n o wallt boath In strenith sa in ductility. With

a further increase in the concentration of copper (transition in a hetero-

oeneous field) strength increases somsuatt and elongation does not change.
ft

-a-



Strength of alloys in a hardened state vith constant content of copper.

with a change in the concentration of lithium from 0 to 2.8% changes alons

the curve with a emall maximtm both In homogeneous and in heterogeneous

alloys. With an increase in concentration of copper, the maximm tensile

strength shifts to the side of lover contents of lithium (see Figure 95).

Ductility of alloys with all contents of copper decreases when Introducing

even 0.7Z Li. However, all the alloys studied which contain loss than 2.1Z

Lt have relative elongation greater than 202.

In all the alloys of the Al-Cu-Li--io--Cd system studied the effect

of natural aginS (7 day's) is Insignificant, loses than 5 kgf/ 2 in tensile

strength (Figure 96, b). Ductility of naturally aged alloys is practically

the se as that of freshly quenched. The eZ•ect of artificial agIng of

alloys! located with a quenching temperature in a single-phase field increases

with an increase in the content of both copper and lithium. With transition

to a heterogeneous field this effect either is unchanged or decreases. Nuximmu

work hardening is observed in alloys with 4-6Z Cu and 1--1.4 LI (25 kgf/8m•).

In alloys aged at 165-1700 C of the Al-Cu-Li system with additions

of cadmium and manganese which contain 0.8-1.52 Li and 4--62 Cu, according

to data of work [9] (see Figure 94) and the authors of this section, besides

segregating 0' by {100}el, one discovers Imminar phase T1 by (111 A1. The

intermediate structure which precedes deformation of TI wes not observed.

With a change in phase composition of the alloy from (a + 0') to

+ 9' + T ) the character of decomposition changes: from a predominant

segregation of 0o-phase along the grain and the appearance of separate cos-

pact particles along the boundary before seategation along the grain of phase

1All alloys were aged at 165° C for 16 hr.
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T1 and e' and the fcormation of ductile particles T1 along a large section of

high-angle boundaries. Segregation of TiB i the process of aging at 165-200"

C was not observed. A certain chanse in the forms of reflexes of the 0'

phase (the appearance of asymmetrical tails) on the X-rays of monocrystals

of a number of alloys Al-Cu -LL--Cd was evaluated in work [91 an a tendency

toward transition of 0' to T.. SgSregatio in the alloys with similar dif-

fraction patterns was called 0'B. An increase In strength properties with an

increase in the content of lithium from 0.3 to 1.52 In ternary and more

complex alloys with 4-52 Cu, apparently, is explained by the increase in

quantity and certain breaking up of the 0' particles by possible springy

distortions of the matrices which cause transition of 0' to TB and the

formation of T, [)3].

The introduction of up to 2.12 Li in alloys of the Al-Cu--t'n--Cd

system with 22 Cu continuously increases strength (Figure 95). Tensile

strength increases particularly noticeably (by 14 kgf/m 2 ) from the addition

of 0.72 Li. Relative elongation also decreases by two times when adding

0.72 Li. Further increase in the concentration results in a small decrease

in ductility.

Testing at 125--250* C showed that mazimum tensile strength at all

temperatures and aging Is observed at the same concentrations of lithium and

copper as at 20° C in an artificially aged state. Analogous principles were

obtained when studying lon@-term strength with these alloys [10. 111.

Alloys of the AI-Cu--Li--Ik--Cd system with a content of 4-62 Cu and

0.7-1.42 Li combine high strength at room teiperature with high heat resistance.

The general corrosim resistance of these alloys dose not depend on the con-

tent of copper (in limits 4-4X) and lithium (in a range 0--2). Alloys

-10-
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aged at 165* C for 16 hr are not inclined toward corrosion under stress or

inter-crystalline corrosion.

The introduction of manganese into the alloy of an Al--Cu--Li-Cd

system with all conditions of thermal treatment, except annealed, results

in a simultaneous increase of strength and ductility (Figure 97). The maximum

tensile strength in an artificially aged state is attained at 0.8--l.02 Ma,

in freshly quenched and naturally aged states--at 1.2--i.52 Mn. Maximum

ductility is attained in all three states with a concentration of 0.3--0.6Z

1n. The principle of change of mechanical properties at 20" C of alloys of

the system with varying content of manganese is close to the principle of

change of the properties of alloys of type D20 of the Al--Cu--Mn system [16].

3'4 - 1

Figure 97. The Effect of
the Content of Mn on the
Mechanical Properties of
Alloys of the Al--Cu--Li-

Cd System:

1-Annealed state; 2-Quenched;" 3--Naturally
aged; 4-Artificially agedKey: a. k~f/sm2

lAverage composition of alloys: 5.?% Cu; 1.2% Li; 0.15% Cd.
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As in many aluminum alloys when casting alloys of an Al--Cu--Li--Mn--Cd

system, manganese forma supersaturated solid solutions. The decomposit" of a

silid solution during homogenization, heating under hardening or before de-

formaLion and in the process of deformation results in the appearance of

fine manganese phases with dimensions in tenths of a micron. The presence

of manganese in an alloy slows down recrystallization. Therefore, semi-

nanufactured products from alloys with manganese have a finer grain.

The additiou of 0.2--l.5Z Mn in alloys of an Al--Cu--Li system hardly

affect heat resistance during short-term tests. However long term strength

at 200' C increases sharply due to the addition of 0.7--0.81 Mn which involves

appurently, not only the change in the size of the grain but also an increase

in heterogenization of the structure as a result of the formation of dispersed

manganese pLrticles.

An addition of 0.05--0.20% Cd, as in alloys of an Al--Cu--Mn system1

sharply increases strength as a result of an increase in the effect of artificial

aging, somewhat decreasing ductility of the alloy (Figure 98). The effect of

natural aging drops noticeablY. This is explained by the fact that the additien

of cadmium decreasesa the dimensions and increases the number of segregations

during artificial aging and slows down the formation of the GP [Geksagonil'naya'

plotnoupskovannaya (reshyetka), Hexagonal close-packed (lattice)]

during natural aging [9]. The introduction of 0.08--0.3% Cd in alloys of an

Al--Cu--Li--Mn system increases their heat resistance and then the lower the

testing temperature the greater is the affect of the addition of cadmium (17].

The Introduction of up to 0.3Z Ti in alloys of an Al-Cu-Li--Ma--Cd

system does not affect the mechanical properties at room and increased

1Average composition of alloys: 5.2% Cu; 1.2X Li; 0.6Z Na.
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The alloy is quenched at 520+5* C in water (hot spot temperature is

higher than 530' C). Holding during heating under quenching of pressed

semimanufactured products must be cut down by 1.5-2 times in comparison

with instructions tor series alloys in order to avoid recrystallization

and grain growth. One should keep iu mind that articles with fine elements

can oxidize during heating. This result, in a decrease both in strencth and

in ductility. The time for transfer frou the furnace to the quenching tank

must not exceed 40 s. An increase in temperature of the quenching water to

70' C does not affect the mechanical and corrosion properties of the alloy.

Quenching in hotter water or in liquid nitrogen decreause both strength and

ductility of the alloy.

The effect of natural aging on the alloy is small. The effect of the

length of time of the aging on mechanical properties of clad sheets is

presented in Table 59.

TABLE 59 MECHANICAL PROPERTIES OF SHEETS OF VAD23 ALLOY IN VARIOUS STATES

O?0OW oeINoe. ............... 22 10 20
N CTCH•THO COCTapeeNU0@ T0eqeHHe:

N2E, . ...... .............. 33 14 20
, 2M,,eeftels .. .. . . . I. ... 36 is Is

roQAa. .................. 37 23 17
.'16 ............. 38 25 15

cKyCc TBeIIH co'CrapeC Hoe no pe1 c/MMy
1-- 0 ad . . . . . . .. . . . . 54 49 a

Key:
a. State of the material 5. 1 year
1. Annealed 6. 7 years
2. Naturally ased fort 7. Artificially aged according to the
3. 2 hr procedure 160*--10 hr
4. 2 months S. kgagm 2

The kinetics of aging of various semlaanufactured products of VAD23 alloy it
-14- 1*



are practically uniform (Figure 99).
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7igure 99. The Effect of Procedures of
Artificial Aging (Temperature and Holding
TiM T) on the Mechanical Properties of

VAD23 Alloy:

1-100" C; 2-1300 C; 3-150" C; 4--160' C;
5-1700 C; 6-180" C; 7-200* C

Key: a. kgf/ 2 • b. hr..

At 100l C, the processes of work hardening of the alloy occur very

slowly. After 120 hr the tensile strength increases to 50 ktf/rm2 and the

yield point-to 36 kgf/l 2 , not reaching smius- value; ductility is practically

unchanged and remains at a high level (S - 16-20X). The relationship

00.2/o is also practically unchansed and equals 0.71-0.72. At this tom-

perature, in the tJme intervals studied In the alloy, apparently, there is a

sons stage of aging. t
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At temperatures of 130--1400 C the processes of work hardening accelerate

somewhat: after 120 hr tensile strength increases to 54--60 kgf/m 2 , and the
yield point-to 51 kgf/ma2 . The relationship of a N. 4 B 0.7 with holding up

yiel pont0.2

to 12 hr, with greater length of holding (18--30 hr) o0.2/08 w 0.73--74, a

further increase in holding results in a sharper growth in the relationship

a nd after 120 hr it reaches a value of 0.9-0.93. In seimanufactured

products aged at 1400 C for 18-30 hr, one observes a tendency toward corrosion

under stress. The ductility of alloys during long.ter aging up to 30 hr is

high (d - 14--20%; ' - 30%) and is practically unchanged with an increase in

holding ti.m. The work sise of bieakdown of samples with cracks with impact

bending is al.so large (at = 1.2-1.5 kgf m/cm2 ).

If aging time exceeds 30 hr, the characteristics of ductility decrease

sharply--by 1.5-2 times. Electric resistance at 140° C with holding less than

12 hr increases soomehat, but when the length of time of aging is increased up

to 30 hr it decreases below the initial level and does not change with

further increase in holding time up to 96 hr. By comparing the data obtained

with the general principles of change of properties dauing aging of aluminum

alloys [18, p. 3161 one can come to the conclusion that at temperatureus 130--

140 C up to holding of 12 hr processes primarily occur which correspond to the

zone, with holding 14--30 hr-mixed, and with longer holding times-pri-

marily a phase state of aging. However, even after aging for 120 hr, max-

inm strength is not attained.

With higher temperatures of 150--200' C work hardening of the alloy Is

accelerated even nore maxwimoms appear on the kinetic curves of aging (see

Figure 99). With an Increase in temperature the time for reaching maxsuu m

strength is cut down. The time for attaining maximum tensile strength and
It

S~-16-
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maximum yield point are the same. Minimum ductility for each temperature is

attained in a shorter time than is maximum strength. The higher the aging

temperature the lover are the maximum strength characteristics of the alloy,

the relationship o0.2/0, and the hither the minimum values of ductility.

After aging at a temperature of 220° C and holding for 0.5 hr and more

one observes only recrystalluzation by process annealing.

Thus, xone aging at a temperature of 1600 C is short term (1 hr), and

at 170" (G It occurs even more quickly.

During holding times studied -his stage apparently was not observed.

The aging stage of pressed seamimanufactured products of VAD23 alloy are

presented in the form of a diagrem in Figure 100.

•i: \\\ .

Figure 100. Temperature-time Fields of Aging

for VAD23 Alloy:

I-Zone aging; 2--Hized; 3--Principally Phase

Key: a. hr.

?has* aging of VAD23 alloy before attatining maximum strength causes

uniform decomposition of the solid solution with the formation of ductile

segregations 6' and T1 with diameter 600-900 1 (Figure 101). Along most

t

-17-
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Figure 101. The Microstructure
of Sheo VAD23 Alloy After Aging
at 1600 C for 16 hr X 21500

boundaries there are segregations in the form of dotted lines. A son* forms

on the boundaries which is depleted of alloying components and therefore is

free of segregations. An Increase In &Sing temperature from 160 to 2000 C,

and also the application of additional ý.onS term heating results in embrittle-

ment of particles, a decrease in their nusber per unit of volume and expan-

sion of the free 2one. This facilitates relaxation of stresses and somewhat

increases ductility with a decrease In streugth.

Depending on operating conditions for the, articles made from VAD23

alloy it ts recomunded that one use three aging procedures. The first

procedure (140' C, 18-24 hr) provides Increased ductility end Is Intended

for articles which operate at room temperature. The second procedure (1601 C,

10-16 hr) give muaxImmchracteristics of strength with somewhat lover dtctility

and is recomnded for articles for short term operation at room temperature

or increased temperatures. The third procedure (200--220' C, 6-15 hr) leads

to relative stabilisation of the structure and properties of the alloy and Is

recomeended for articles for long •term operation at increasOd temperatures. The

mechnical properties of aged o amasuafactured ptoducts are presented in

Table 60. iS
S=~18- '

f
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TABLE 60 MECHANICAL PROPERTIES OF SEMIMANUFACTURED PRODUCTS OF VAD23 ALLOY AT
ROOM TEMPERATURE AFTER VARIOUS AGING PROCEDURES

(D. -l• o m npacco3n itme Town 140 1I 48-52 34-42 8-12
1. . 1 0 52-0 45-5M 4-8

49-52 40-45 45-7

r(o~ fl aupaccomme mopyn. 140 18 50-87 40-48 110-15
morafapurNi. 160 '1 I' 58-68 8-60 I5-9

_ _ _ _ _49-5 422-61 7-
NflCh Wrn PNJAKHpOaetS 140 18 48-52 37,-44 10I

180 t0 55-60 48-S 3 -:6
200 7 49-52 40-45 4-7

Key;
a. Type of seuimanufactured products 1. Pressed thin sections*
b. Aging procedure 2. Pressed large scale sections*
c. Teperature, "C 3. Unclad sheet**
d. Tim, hr
Se.kgf

Notation. Semimanufactured products aged by the second and third
procedures do not have a tendency toward corrosion cracking or intercrystalline
corrosion.

*Lengthvise direction
**Crosmlse direction

4• Long term heating (up to 5000 hr at 500 C) of pressed seminsnufactured

products aged at 140' C for 13 hr does not result in a decrease in the ductility

the alloy. Strength characteristics increase by 4--3 kgf/m 2 . Heating at

700 C for up to 1000 hr gives the sam results mad for a greater length of

tim (3000 and 5000 hr) relative slonqation decreases apprmrlmately by two

time.

-19--
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For articles which operate at increased temperatures it is important to

take into account the effect of operational heating on the mechanical pro-

perties of the material.

Experimental data obtained shoved that both reduced strength and strength

at 125" C of pressed semimanufactured products from VAD23 alloy which are

treatdd by two aging procedures (160' C, 10 hr and 200" C, 7 hr) are practically

unchanged after heating at 125* C for 20000 hr (Figure 102).

o~ to•

Figure 102. The Effect of fleeting on Nechenical
Properties of Thin Pressed Sections Aged at 1600 C

4for 10 h4:

a--Testing at 20e C; b--Testing at heating tem-
perature: 1--123' C; 2--i50° C; 3--175e C; 4--

I ~193'0 C; .5--225° C

rey, A. klgf/ca2  3I. kgf/un2

C. hr

Sections eged at 160° C have an advantage in strength characteristics. How-

ever their relative elongation and work breakdown of samples with cracks in

a ranie of 1000--10000 hr ie decreased. In sections aged at 2000 C, tha•

-20-
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decrease in ductility is not observed.

Heating at higher temperatures (150--2000 C) results in a certain

recrystallization by process annealing.

It is necessary to note the more intense decrease in strength after

heating emimanufactured products aged according to the procedure: 200 C,

7--10 hr. Tensile strength of the sections after heating 1000 hr at tea-

peratures 150 and 175' C decreases by 2--4 and 152, and seuumanufoctured

products aged according to a procedure of 160* C for 10 hr by 8 and 28X,

respectively.

Pressed seaimanufactured products made from VAD23 alloy are distinguished

by high long-term strength and resistance to creep. Unclad sheet in heat

* resistance is close to pressed sealmanufactured products. Hwever, clad

sheet has lower characteristics of heat resistance both in shortrterm and in

long termtests.

Corrosion resistance of unclad semimanufsetured products of VAD23 alloy

is the same as; for unclad seminanufactured products of D16 alloy. It is

necessary to protect the alloys from corrosion by anodizing with an application

of paint or varnish coatings.

4' VAD23 alloy defoios well in a hot state. And from it one can make all

types of pressed, rolled and forged saemianufactured products.

The characteristics of deformation capability of the alloy in annealad and

naturally aged states differ very little from ech other. In an annealed

state the alloy in properties Is close to D16H alloy. The alloy aged at 140* C

for 18 hr has a much greater ductility than after aging at 160 and 2000 C.

VAD23 alloy is satisfactorily welded in spot and seam welding.

a
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2. Structural Alloy 014201

Aluminum, deformable, thermally work-hardened alloy 01420 belongs to

the Al-Mg-Li system. The introduction of magnesium and lithium In the

aluminum permitted obtaining a material vith a specific weight decreased by

11% in comparison with D16 alloy and e modulus of elasticity Increased by

42. In specific strength at room temperature alloy 01420 Is better than D16T

alloy and in corrosion resistance Is close to Ah46M alloy. Pressed and

rolled samiuanufactured products ore made from it.

Alloys of the Al-Mg--Li system were studied In detail in 1952 by

F.1 Shamray 119]. He established that alloying Al-Mg systemt allays with

lithium has little effect on their mecbani"-l properties and does not result

In the appearance of effects of thermal treatment. The author cm to the

conclusion that developing nea industrial compositions on this bases was not

promising.

As a result of a research on sertes binary Al--Li and certain ternary

Al-Mg--Li alloys with a low content of magnesium done In 1959 (201

noticeable work hardening was observed during artificial aging. However,

strength properties of these alloys even after thermal treatment remained

very low.

In 1965 I.1. lridlyander, V.P. Shemray and N.V. Shiryaeva (211 discovered

a large concentrated field of alloys of the Al-1g--Li system which were

distinguished by a considerable effect of work hardening after artificial

aging and adequately high strength properties. However, the ternary alloys

had low corrosion resistance. An Increase In corrosion rsiLctance was

1Authorst 1.1. VrIdlyander,• .V. Shiryaewa, 3.V. Tyurin, V.S. ga"Mler.
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attained by the additional introduction of manganese, zirconium and silicon.

This resulted in the creation of industrial alloy 01420, patented In a num-

bar of countries.

In equilibrium with aluminun solid solution In an Al-Mg-Li system (19,

21, 22] there are the following phases:

1) M82AlS (B) cubic (0 - 28.2 1);

2) ftfal2 (y) cubic type a-?n (a - 10.52 X);

3) NgLA•.2 (8) cubic (a - 20.2 1);
4) AlLi (8) cubic, 3 32 (a - 6.37 1).
In work (213 the phase field (C9 + MgS 7A•1 2 ) did not fall into a number

of studies with the temperatures and concentrations taken.

The figurative field of alloy 01420 in concentrations of magnesium and

lithium on isothermal cross sections of the Al--NK--LL diagram at quenching

and at aging temperatures lies in phase fields wherewiith a colid solution,

phases S and N; 74Al12 can coexist.

The phase composition of alloys of the Al--Kg-Li system has a strong

effect on their mechanical properties (Table 61, ligure 103).

Alloys which are located in fields belonging to a binary Al-Kg system

(fields a and a + 0) at the quenching temperature are not work hardened by

thermal processing and have a tensile strength not greater then alloys of the

magnalim type. Alloys, which at quenching temperature are located in fields

(a + 4) and (a + 8), are thermally work hardened and have strength on the order

of 45 kgf/m 2 . The effect of thermal treatmnt amouts to 10-13 kgf/m 2 .

Work hardening In the aging process at temperatures 50--200* C of binary

low-alloy alloys of aluminum with lithium (20; 91, ternary alloys which

contain 5-4Z Kg and more them 1.6Z Li [23, 243, is determined by the segregation

of spherical partical of d'-phase with a dismnsion of several budredths of

-23-' K
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ALA

V/4

AS 2 4 51

ligure 103. The Distribution of
Phase Fields at '.40* C, Tensile
Strength (a), Effects of Aging (b)
(ha3 ) of Pressed Rods Made from
All ys of the Al-Kg--Li System
After Quenching at 450* C in Air
(in parentheses), In Water and
Aging for 16 hr at 1700 C

Key: 1. AY uses
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Angttrdms. This superstructure type Cu3Au on a base g. ts. k. [Granetsentrirovanaya

kubicheskaya (reshyetka), Face-centetad cubic (lattice)]

of aluminum latti.ce primarily of the composition Al 3 Li is detected as an

intermediate aluructure in the aging of alloy Al--2.2% Li. A decrease in

the effects of thermal treatment with a decrease in the content of lithium

in ternary alloys of the system is explained by the absence or lower inten-

sity of segregation of the V'-phase.

Alloys of the Al--Mg-Li system are not work hardened by natural aging.

Corrosion resistance of alloys located in the field (a + S) after quenching

and artificial aSing is very low: the loss of strength of alloys after

testing over 3 months in a 3% solution of NaCi with the addition of O.1Z

H2 0 2 after quenching in water and artificial aging approach 90--952, after

quenching in air after artificial agitng-•les than 25% and corrosion

disintegration under stress occurs.after 8-15 days.

The addition of manganese, zirconium and titaniumincreases strength

characteristics of sheet and pressed somimanufactured products made from

Al--Mg--Li alloys and also Improves their corrosion resistance (Table 62, 63).

Additions of manganese and zirconium improve mechanical properties of semi-

manufactured products to a considerably greate* degrue than does titanium.

The introduction of manganese (0.4--0.82) in the alloy A1--5.5% Hg--2%

Li results in the formation of surplus manganese intermetellic coumpounds of

complex composition. Moreover, with the use of an electronic microscope one

observes uniformly distributed fine manganese phases with dimensions 0.1--

0.2 microns. (Their quantity amounts ro several volumetric percents oi the

alloy). They form as a result of decomposition of the solid solution of super-

saturated manganese after crystallization of the ingots,

-26-



TABLE 62 THE EFFECT OF MANGANESE, ZIRCONIUM AND TITANIUM ON MECHANICAL PROP-
ERTIES OF PRESSED STRIP MADE FROM ALLOfS OF THE Al--Mg--Li SYSTEM

QUENCHEDAT 450' C AND AGED AT 170' C FOR 16 HR

rj~xxN q.couif cocirse. !. (110 ma0ccel a K 50AI 4 219a.Uk HSS 50iAY'IO

Mg L1 Mn Zr T1 V .

5,7 2,13 - - 45,0 30.0 1•8, 44,6 5 14,1
5,87 2,15 0,7 -- 523 39,0 6:0 52.5 40 5,1
5,64 2,18 - 0,17 - 51,7 38,0 9,3 520 37 8,0
552 2,13 - 012 48,0 31 1 20 0 7,2 3.0
5,55 2,12 0,65 0•017 &38 38:0 SA0 50,0 38o0 1 9,5

Key
a. Chemical composition, 2 (by ames) c. Quenching in air
b. Quenching in water d. kgf

TABLE 63. THE EFFECT OF MANGANESE, ZIRCONIUM AND TITANIUM ON COREOSION R1STS-
TANCE OP PRESSED STRIP MADE FROM ALLOYS OF THE Al--Mg--Li
SYSTEM QUENCHED AT 450' C AND AGED AT 1706 C, 16 HR

MS Ll Mn X T1 __ _ _ -
5V7 2,13 - aoZAyxe .... 24,0 - 20

95,8 14
5,87 2,15 0,TY - - MC$... 3 0 25 87

A BOSAYzS. . . . 0 0 >90
5,64 2,16 - 0,17 - BW ........ ... 0 0 70

a o,uyxe . . 0 0 >90
5,52 2,13 - - 0,12 A•oe......0.....1.,6 43 72

soye y . . . 0 35 >90

Key:

a. Chemical compogition d. Avwrae time before disiutegration,
b. Type of quenching days**
c. Loss, 2* 1. In air

2. In water

* Testlug in a solution of 3Z NaCl + 0.12 K202.
•* Teoting for the tendency to corrode under stress (stress 0.900.2)

in a 32 solution of NaCi with periodic submrsion.
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The addition of up to 0.15% Zr in a ternary alloy close to the composi-

tion described above decreases solubility of magnesium and lithium in aluminum.

Therefore in distinction from a composition with manganese, after quenching at

450" C the large quantity of undissolved particles in the structure of the

msemlmnufactured products is decreased, apparently, of equilibrium compounds of

aluminum with magnesium and lithium with dimensions 0.1--0.3 microns. Din-

solving of the particles occurs at 500--540' C.

The :introduction of manlanese, sirconium and also cbvomium (less than 0.152)

each separately or in coubinatiou slows down recrystallization. Strength

properties of semimanufactured products then essentially improve and relative

elongation drops. Corrosion resistance is improved considerably. The nature

of work hardening in the process of thermal treatment of these complex alloy

compositions is analogously described in literature for ternary alloys.

The results of reseax:ch on the effect of magnesium (in ranges 5.0--

6.0%) and lithium ( 1.6-2.32) with 0.112 Zr show that with one and the same

content of lithium the change of concentration of magnesium has very little

affect on the mechanical properties of semimanufactured products of alloys

from an Al-Li-Mg--Cr system in an artificially aged state. An increase in

content of lithium from 1.5 to 2.42 sharply changes the mechanical properties:

tensile strength and yield point increase by 10-14 kgf/mm2 , relative elonga-

tion is decreased by 12Z (Table 64).

Rssearch on the effect of lithium and magnesium on corrosion resistance

shoved that Al-Li--Mg--Zr alloys with a content of up to 1.82 Li have low

resistance to corrosion under stress. When the content of lithium is 1.9Z

higher the Al-Li--S-Zr alloys are not inclined to corrosion cracking. An

addition of magnesium In mnules .5.0--6.QZ does not aiffct resistance to
a

-28-
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TABLE 64 THE EFFECT OF LITHIUM AND MAGNESIUM ON THE MECHANICAL PROPERTIES OF
PRESSED STRIP MADE FROM ALLOYS OF THE Al--Hg-Li--Cr SYSTEM QUENCHED AT 450* C

AND AGED AT 170" C, 16 9R

e He%(no b~eiC.') ~ 3AXKI.KI 7' it~ A* 3&K & No AGAAYXII

S I I

,05 1,61 Oil 42.0 24.0 15,0 43,5 23,6 13,6
s,05 1,94 0.10 53,2 35.4 6,0 5',2 37,4 6,1
6,04 2,26 0.12 5,8 42,0 4 4,5 55,7 41,0 4,0
5,91 1,58 0,11 43,0 26,0 14,8 44,9 25,0 15,3
5,95 1,83 0,t0 55.6 36,5 4,8 56,9 37,7 4,5
5,95 1,9 0,11 57,9 30,5 3,8 57,3 39,0 4,3

Keys
a. Content 2 (by mass) c. Quenching In air
b. Quenching in water d. ksf/wm 2

corrosion under stress (Table 65).

TABLE 65 RESISTANCE TO CORROSION UNDER STRESS OF PRESSED STRIP KADE 1FRO ALLOYS
OF THE Al--Mg-Li-ZrSYSTEK IN A 32 SOLUTION OF NaC1 WITH PERIODIC SUBMIEION

(QUENCHINiG AT 4500 C AND AGING AT 170' C, 16 HU)

"SUMI fOA' "MAI
ME Ll Zr M LIoi

10 5  i 1 !0,11 o 5,95 1,83 O,'0 to 5) r

5 1,9 011 H oAye " >90

"10 10-0 BOA >90
Key: ,____...._ ~ j !

a. Content, 2 (by mass) 1. In air
b. Type of quenching 2. In vater
c. Average time before breakdown,

days

When manufacturing aluminum alloys thure is an inevitable accompaniment
of Admixtures of iron, silicon and sodium which have a considerable effect on

t

teahnological strength and corrosion properties of materials. The results of
-29-
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research on the effect of iron shoved that up to 0.7Z Fe does not change the

mechanical properties, does not worsen corrosion under stress, but strongly

decreases corrosion resistance. Silicon in quantities less than 0.32 does

not affect tensile strength of Al-Li-Mg--Zr alloys, increases the yield

point by 4 kgf/m 2 and decreases relative elongation by 52. For obtainivg

satisfactory corrosion strength of Al--Li--Mg-Zr alloys they must contain

no loss than 0.1% S.

Research on the effect of sodium in ranges 0.005 and 0.012 in a tem-

perature range of 20--475* C on the properties of an alloy which contains

5X Mg, 1.9% L1, 0.11% Zr, shoved that this element sharply decreases relative

elongation and tensile strength of the alloy. Obviously, In this case sodium aett

as it does in alloys of the Al-Kg system in which it Also ham an extremely

unsuitable effect on ductility in the temperature range of deformation. The

presence of sodium in alloys with lithium cauqes their embrittlesment: during

quenching cracks appear; thermal treatment does not have an cffect on the

alloy.

On the basis of research done the optimum chemical composition of alloy

01420 was established: base Al, 5.0-6.0Z Kg; 1.9-2.3X Li; 0.09--0.15X Zr;

0.1-0.32 81; admixtures not more than: 0.32 Fe, 0.12 Ti, 0.32 Mn, 0.0052 Na

[18, p. 42, p. 335; 25-27).

No change was observed in mechanical properties with alloy 01420 in the

process of aging at room tempecature. At temperatures 50-160° C the

curves of strength properties increased monotonically up to a holding time of

100 hr, and at 180- .3000 C after mazimu approached recrystallization by a

process of ennealing (Pigure 104).

I F
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Figure 104. The Change in Tensile
Strength (a), Yield Point (b) and
Relative Elongation (c) in the Pro-
cess of Aging Sections Made from

Alloy 01420:

1--0; 2--120; 3-1401 4--170;
5--190; 6-250; 7-3~00%

Keys a. kgf/mm2  b. -T hr. a. mid.

Relative elongation drops corresponding to an increase In strength

properties. Aging at 1700 C for 8-24 hr results in obtaining maximtum strength

properties, and at 120' C Ic:! 12-48 hours one obtainsiImproved ductility

with a certain doerease in strength.

-31-



Work hardening of an alloy, apparently, is connected to an increase In

the quantity and dielnsions (within specific limits) of particles of the 5'-

phase (Figure 105). Thus, if after 16 hr of aging the diameter of the par-

ticles ts 50--150 1, then after 100 hr, 100-300 1. During decomposition

of the solid solution, besides the 6'-phase, there form and increase thin

segregations along the boundaries and compact crystal face particles, ap-

parently, equilibrium phase or phase. In alloy 01420 with magnesium, without

uirconium, these phases are formed mainly along inter-phase boundaries of

mgmansse particles (Figure 105). Necrystallisation by process annealing

during aging is connected to enlargement and mainly to dissolving of the

61-phase which occurs because of depletion of the solid solution during In-

tensive formation and grovth of stable segregations vhich contain lithium. In

the process of agingsonotonic decrease in electric resistance occurs (Figure

tI

Figure 105. Dork-filled Micro- , t (i)
photography (a) and Iloctrono-
gram (b) of a sheet of 01420
Alloy with Magnesium Aged at
170* C for 100 hr X 35000

+ O

po
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Figutr 106. The •icrootructure of a Sheet
of 0142( Alloy with 1ManeSO Quenched at
4500 C Ln 9ater and Aged 4t 170' C for 100

hr (Oxide Miplica). L 14500

b4 -

40

Figure 107. A Change in Electrical Recis-
tance of Alloy 01420 (Pressed Section)
Quenched from 450' C In Water, in the Pro-

coos of Aging at ttzptratureas

1--701 2-90; 3--120; 4-140; 5--1706C

Keyt A.ohm.im 2  L h,
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Alloy 01420 has an increased modulus of elasticity 7500 kgf/mm2 . It is

known that the modulus of elasticity of alloys changes usually approximately

additively depending on. the six* of the modulus of elasticity of the components

and their content In the alloy. The lsix of the modulus of elasticity of

aluminum, magnesium and lithium respectively is 7100, 4300 and 500 kgf/n 2.

Aluminum-magnesium, alloys have a modulus of elasticity which decreases to

6900 kgf/mn2 . Alloys 12 the Al-Mg--Li system In spite of an extremely low

corresponding characteristic for lithium have a modulus of elasticity consider-

atly higher; consequently, these alloys have an anomalously high modulus of

elasticity,

The typical mechanical properties of aseimanufactured products made from

alloy 01420 manufactured under industrial conditions are presented in Tables 66

and 67.

TABLz 66 TypicAL X3HAxicaLpRPiTniKs 01 smWnJAcTuRZD PRODUCS QuENCHED
IN All AIM AM3 AT 120* C, 24-12 UK

N~b (MO~Tom0, flP0OaAhHOQ HI-
Ysfeajinue).. i.........23 28 45 12 1.2-1,4 0,a-.9
I~~u ulihiOAK~ .I:~ . : 221 31 47 10 - 0,3-0.5

11T(nonepe'iaica 1ianpaMernle) 120 127 144 10 - 10:2-0.4

Key:
a. Semimenufactured products lengthwise direction)
b. Ufg 2. P'ressed section
1. Stamped waf fled panel (barrel, 3. Iheet (crosswise direction)



TABLE 67 SENSITIVITY TO CONCENTRATIONS OF STRESS* OF SEMIHANUFACTURED PRODUCTS
QUENCHED IN AIR AND AGED AT 1200 C FOR 24 Hl

(S.I. Kishkina, T.K. Ponarina)

t IU unosarnea• Ua4I•b~aU naiHe~ (no.imywo) .............. 42,0--44.5 34,0-37,0 0,62-0,84

(PecOMMNWRt• npo40aJb (TOAuINJa nw.-
o 1,3- 3-,O,.) .......... 47,5-49,8 43,0-44,0 0.8.090

(• -Mc, N 1t1ojol 1,5-2•0 A• - - 45,0 38.0-37.0 0.80-0,82

KoNuKITpAvop - OTOpcM9 AitutmeTpoat 3 MA, oINowtuI wINopIM pa4o"eA WffM"ipM It AN&MauIpy OT..pcNOI bda - L,

KeyI
a. Snmimnufactured products 2. Pressed section (thickness of the
b. kgf/m 2  rack 1.5--3.0 mm)
1. Stamped vaffled panel (barrel) 3. Sheet thickness 1.5--2.0 -

Sheets of alloy 01420 with a thickness 2.5 - during testing for compression

and warping have the following characteristics: -

- 7700 Kr/IAM'; a. 20 Kr/N..'; 0 .o u 28,5"-,/A-20'; KO,. "
"- 35 Kn/'/m.

Waffled panel during testing for twisting and shear strength have the

following properties:
0 -2860 Kr/NMa; 0i 0.31; -To I 13rFA*Iw;

-- 37 Kr/Mm'; T., - 27 iF/..

* Figure 108 shows the curves of fatigue and static strength of seaeianu-

fectured products made from alloy 01420..

Corrosion resistance of the alloy In a Tl state is the same as for alloy

ANG6K. In quenched relatively homogeneoua material., anticorrosion properties

are considerably ireater. After aging in seminufactured products with a

*Concentrator-aperture diameter 3 m. ratio of the width of the working

part of the sample to the diameter of the aperture b/a S.
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Figure 108. Curves of Fatigue (a) (Pure Bending
During Rotation of Circular Samples) and Static
Strength (b) (Flat Samples vith Apertures) of Press-
ad Semdmanufactured Products Made from Alloy 01420
In Comparison with Other Alloys; According to the
Data of the Authors and 8.1. Kishkina and Co-

workers:
1--Al.loy D16 (o a 44 kgf/l); 2-01420 (a a 50 kgf/= 2 );
3-VAD23 (O - 18 kgf/=2); 4--V95 (u 60"kgf/a.12);
5--01420, rinforced with vibr&tion'c5d hard6ning

Kay: A. Maximum stress, kgf/m 2  B. Number of cycles
before disintegration N C. a a, kgf/m2

recrystallized structure the intercrystalline corrosion grow, often in a

type of de-amination. This process is controlled by segregation In the form

of dotted ltnes or sublayers along the boundaries. A decrease tn the rate

of quenching (for example in hot media, in air) slovs down the boundary

decompositi )n and increases resistance to the corrosion under stress. Semi-

manufactured products with partially recrystallised structure are subject to

intercrystslline corrosion to a lesser degree because one does not observe

formation of thiu dotted line segregation along the sub.boundaries.

Research on the technological properties of alloy 01420 during the msnu-

facture of parts from sheets and sections showed that pressed sections in

a quenched state are characterised by high technological properties for bending,

-36-
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cutting, levelling. One can manufacture fairly complex parts frcm sections.

Sheets maed of alloy 01420 In a quenched state have technological character-

istics which are lover than those of D16T alloy. One can make parts from

sheets of alloy 01420 with a smaller degree of deformation for one transition.

The manufacture of complex parts by stamping, sheathing with double curves

stretched on the press or knock-out parts must be produced in several passes

using interoperational quenching. For obtaining maxima ductility it is

recomended that one quench in water. For final thermal processing of parts

made from alloy 01420 for obtaining satisfactory corrosion resistance quench-

ing in air Is desirable.

The use of alloy 01420 in structures shoved that articles of equal

value from alloy 01420 are 10-15X lighter than those from alloy D16. The

decrease In weight is attained as a result of t v.,ilng the specific weight

of alloy 01420 while retaining the strength level of alloy D16. An analogous

decrease In weight of structures when using high-strength alloys with increased

specific weight is fairly complex to attain because a number of technological

and design limitations exist for minimm thickness of parts. moreover, one

has to take into account the fact that) by tar, not all the elements of the

structure will have maximm load.
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